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ABSTRACT

Dating of sediments was performed by physics method in this work. Natural radioactivity is present in
sediments, and this method is based on the measurement of energy of radiation stored in the solid.
Gamma irradiation of sediments create deffects in quartz structure that stores energy by the
absorption of radiation. In the present work, Icapara sediment dating was done by Electron
Paramagnetic Resonance (EPR) spectroscopy method. The intensity of EPR signal corresponding to
the number of lattice defects with an unpaired electron in sediment quartz could be measured to
estimate the accumulated dose of natural radiation and to calculate the geologic age. Located in the
region of Iguape at southeast coast of S&o Paulo State, Icapara is a large sand terrace that was
formed due to sea level fluctation that occurred more than 130 thousand years ago. Samples were
taken from a point about 9 - 10 meters above the current control of the sea. Ages of 38,000 +£12,000 and
46,000 + 7,000 years were obtained in this study by EPR analysis that are correlated with the

Quaternary Period.
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1. INTRODUCTION

According to geologist the sea level along Brazilian sea coast presented fluctuations in the past
[1-4]. Obviously, such fluctuation had an important impact in the formation of the coastal plain, one
of these refers to sand terraces that can be found be in several points of southeast sea coast.

Evidence along the coast of the state of Rio Grande do Sul, that allowed proposed age as
400,000 years before present (BP) can be divided into four periods of the formation of the state of
Rio Grande do Sul. This is due to the fluctuation of sea level, Period | extends from about 325,000
years to more than 400,000 years (BP), Period Il from 123,000 years (BP) to 325,000 years (BP),
and Period 1V from present to 5,000 years (B. P). It has been suggested the sea level rises 8 + 2 m
above the present one at 120,000 years B.P (or more) [4]. Martin et al. [5] during their studies of
coastal plains along the coast of southeast Brazil proposed that they are from Period. All these
terraces exception are found in the sea shore, except one is located in a place Known as Icapara. All
the terraces are about 30 meters height. The coastal plain of Cananéia-lguape has a length of about
40 km wide and 150 km long, bordering the Northeast Island of Iguape and Southeast llha do
Cardoso.

The Terrace found contains high percentage of quartz, which will be used for dating by Electron
Paramagnetic Resonance (EPR), by the feature of storing defects that facilitate the use of the
technique. Natural quartz shows several EPR signals. Therefore, the vacancies become
paramagnetic (with an electron), this characteristic, a procedure was done to stipulate the relative
number of found vacancies of oxygen [6, 7].

The use of the E’; center in quartz depends on the treatment previously performed. It is
observed that the EPR intensity of the center E’; of the thermal process used results in the number
of oxygen vacancies found in quartz [7-10].

Using the suggested technique, it is possible to correlate the number of quartz oxygen vacancies
and the sediment age found, in which the outer layer with the contribution of gamma and beta-rays
to oxygen vacancies [9-14].

This paper focus on dating Icapara terrace sediments by Electron Paramagnetic Resonance

(EPR) spectroscopy collected sediment to estimate its age and check if its origin is from Laguna-
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system Pleistocene Barrier, of samples about 3 to 12 m from the vertical profile made on the
terrace, in relation to the Relative Sea Level (RSL).

2. MATERIALS AND METHODS

2.1. Collection of Samples

Icapara sand terrace belongs to the company Pirdmide Extracdo, Ltda, located in the city of
Registro, the company extracts sand. At the Icapara site, an excavation was opened previously by
the company with the focus of study the sediment, and this site was used for excavation of sampling
for this paper.

Samples were collected using a PVC tube 80 cm long and 3 cm in diameter, which was
inserted horizontally into a vertical profile, the first collection was identified as IC1 (Figure
1a), the second collection was carried out horizontally in a vertical profile below the first
collection with a distance 40 cm, this sample was identified as IC2 (Figure 1Db).

Figure 1: Collection of samples (a) IC1 and (b) IC2.

(@) (b)
Tubes were placed in black plastic bags to protect from exposure to light and transported to the
Laboratory. The geographical coordinates, RSL, and the direction of the tube are described in table
1.
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Table 1: The geographical coordinates, RSL, and the direction of the tube.

Sample Latitude Longitude RSL (m) Tube
IC1 24940'31"S 47927'01"W 10 Horizontal
IC2 24240'31"S 47227'01"W 9 Horizontal

2.2. Experimental

Each tube was opened and a portion of the open tube, approximately 20 mg was removed and
separated to determine the Th, U, and K contents, and previously it was also determined the amount
of water. A sample was weighed on the analytical balance, then immediately placed overnight in the
desiccator and weighed again to quantify the percentage of moisture contents. The detection of
radioisotopes was performed by Gamma-spectroscopy with a Canberra hyper-pure Ge detector
calibrated using standards of soil (JR-1, JG-1, JB-3 and JG-3). The sample was kept for a period of
30 days for counting the secular equilibrium of radionuclides. Afterwards, it was placed on GeHP
chamber for 48 hours.

Another portion of the tube, with the aim of getting quartz grains from sediment samples,
different chemical treatments were made in 14% H,O; () to remove of organic material for 30 min,
subsenquently they were treated with 48% HF ) to remove oxides and other materials, and remove
a layer of quartz, for 40 min. Finally, treatment with 37% HCL ) to remove carbonate residue,
fluorides were removed during chemical treatment with HF, for 1h. Between each chemical
treatment samples were washed with distilled water [15,16].

The samples were dried, afterwards pulverized with a pistil, and sieved with granulometry
between 75 pum and 180 um, followed by better EPR emission, the particle sizes of the sample
replicate the results of the experiment [17,18].

To determine accumulated dose (D) using the EPR technique through the multiple-aliquot
regenerative-dose (MAR) protocol was used for the calculation of Dy using the EPR technique the
samples were heat-treated at 450 °C for 15 min. To determine the thermal treatment temperature at
which the EPR intensity maximum, different temperatures of 0, 180, 230, 270, 290, 320, 350 °C
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were carried out, 400 and 450 °C for 15 min, but at 450 °C, it was performed with 30 min to observe
the zeroing of the natural sample. Before any event or period, since the formation of quartz there is
constant natural irradiation by radionuclides, in the geological period. With the occurrence of an
event (Erosion and transport), the optical bleaching zeroing occurs, being exposed to solar radiation.
And the solar incidence causes excitation of electrons emitting light, resetting the quartz.

Portion of the chemically treated quartz sample was divided into 7 aliquot approximately 250
mg aliquots packed in small packs, already dry. Then irradiated at 10, 20, 40, 60, 80, 100 and 200
Gy, irradiations was carried out at CTR/ IPEN with a *CO Gamma-cell source.

The curves were calculated by extrapolating of accumulated dose-rate data with the

equation Ikeya [19] :

1(Q) = 10(1 —e“ ) (1)
where 1(Q) is the signal intensity; 10 and Ds are the intensity and dose at saturation,
respectively; D is the added dose; and De is the equivalent dose obtained.

EPR signals of the samples were measured with a MiniScope MS 5000 EPR spectrometer from
Freiberg Instruments. The number of oxygen vacancies was measured as the intensity of the E’;
center after gamma-ray irradiation and heating at 300 °C for 15 min. [20,21].

The following measurement conditions of the EPR were used: the microwave power of 0.01
mW, the magnetic field modulation frequency of 100 kHz, its amplitude of 0.1 mT, the centre field
of 336.0 to 337.0 mT and a sweep time of 80 s. The measurements were carried out at room

temperature.

3. RESULTS AND DISCUSSION
3.1. The E’; center and the oxygen vacancy in Quartz

The E center was used by Jani [11] with the EPR technique for dating. There are centers
associated with oxygen vacancies that in their structure contain a proton and with different
relaxations being E. Figure 5 shows the grown curves of the IC1 sample, and the aim was determine
the highest signal of the E’1 center for the preheating of the samples regenerative doses. The

preheating used for the E’; center is an indicator of the relative amount of oxygen vacancies, the
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typical change in heating the signal strength in quartz is observed from 230 °C to 320 °C, the
increase of the E’; signal with heating for transferring holes to neutral oxygen vacancies [10-14].

The results preliminates shows of the heat treatment around 320 °C stabilized and reached the
highest intensity, and in heat treatment at 450 °C, completely eliminated the E’; center. Thereby,
the electron unpaired is located in the hybrid orbital, makes silicate adjacent to vacancy, and the
number of oxygen vacancies increases with age.

The use of the E’1 center in quartz depends on the treatment previously done. The procedure
used was performed by gamma irradiation at 200 Gy followed by heating at around 300 °C for 15
minutes. It is observed that the EPR intensity of the center E’1 of the thermal process used depends
on the number of oxygen vacancies found in quartz [19, 20]. Using the suggested technique, it is
possible to correlate the number of quartz oxygen vacancies, and the sediment age found.

Figure 5: Thermal treatment test at different temperatures of 0, 180, 230, 270, 290, 320, 350,
400 and 450 ° C for 15 minutes.
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EPR spectrum of the E’; center has orthorhombic symmetry possible three g-factors being
2.00179, 2.00053, and 2.00030 [11], characteristic of E’; center in the quartz crystal is shown in
Figure 6, which is dependent on previous thermal treatments in the sample, we observed a broad
absorption around g= 2.00179. A variation of the g factor was identified in the temperature region

320 °C, this behavior of the g factor as a function of the firing temperature of the quartz sample.
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Figure 6: Study E’; Center of Quartz observed for sample IC1.
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Thermal treatment studies define the temperature that stabilizes the defect of E’1, according to

the protocol used previously mentioned, therefore calibration curve was constructed, observed in

Figure 7 (a) and (b) the graphs of samples IC1 and IC2, respectively.
The peak-to-peak intensity of the EPR spectrum observed was used to building the calibration

curve to determine AD using the Ikeya [11] equation. The dose interpolation was performed to

obtain the AD of samples.
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Figure 7: Paramagnetic species observed for (a) IC1 natural and gamma irradiated with 10,
20, 40, and 100 Gy radiations absorbed doses; and (b) IC2 natural and gamma irradiated with 10,
20, 60, and 80 Gy radiation absorbed doses.
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(b)

The peak-to-peak intensity was used, building the curve calibration and determine Dy using the

Ikeya [19] equation, and with the dose interpolation was done to obtain the accumulated dose of

each sample as shown in Figure 8.

In this paper, additive dose technique for the stable EPR signal at g= 2.00179 is used to
construct a growth curve and to obtain the accumulated dose (Dac) for four carbonate samples. The

growth curve of this signal shows the typical saturation type pattern.
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Figure 8: Calibration curve accumulated doses with the EPR intensity of the samples IC1 and
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Table 2 shows the concentrations of the U, *2Th and “°K sediment samples obtained by
gamma-spectrometric analysis. The sediment in the local is in constant disintegration of
radionuclides, which through the contents in ppm of *®U, ***Th and percentage of “°K is found the
external dose in which the sediment has been submitted in years [19].

The content of the radionuclides 233U, ?**Th and “*°K for Dan (annual dose) was calculated. The

parameters are those mentioned in the item of experimental.

Table 2: Radioisotopes concentrations of Samples IC1 and IC2.

238U 232-|-h 4OK (%)
Samples
(ppm) (ppm)
IC1 0.62 £0.04 3.55+£0.19 0.20+£0.01
IC2 0.47 £ 0.03 1.34 £0.07 00

In this paper the DRAC program was used to have greater precision in the age of the
sediments [22]. Table 3 shows also the moisture contents of the sample and cosmic
radiation, other parameters such as depth and geographical coordinates were taken into
account. The values of radionuclide concentration contents are used in the calculation of the

sediment annual dose, in table 4 the values of Accumulated Dose are shown.
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Table 3: Moisture contents % and cosmic radiation for each sample collected.

Sample Moisture contents %  Cosmic radiation (Gy)
IC1 9.37 0.28
IC2 1.8 0.28

The ages obtained of the samples IC1 and IC2 with the mentioned parameters are shown
in the table 4 below The samples ages can be related to the lower Pleistocene period, which is

in accord with the ages in literature as mentioned.

Table 4: Values EPR from regenerative method and sediment ages.

Samples Dac £ 6 (Gy) Age (Ka)
IC1 31+9 38+12
IC2 22+3 46 £ 7

4. CONCLUSION

EPR technique it is possible to correlate the number of E’; center of quartz and the age of the
sediment found. The E’; center to be stabilized with thermal treatment, the signal g-factors being
2.00179. it is conclude that of the thermal treatment, with around 320 °C stabilizes reaches the
highest intensity, and the multiple-aliquot regenerative-dose (MAR) was used for samples under
treatment at 450 °C eliminated the E’; center.

In the past, the occurrence of currents may have been like the present, where winds come and
deposit sediment, in turn, the opposite river elements do not would leave the dispersion of these
sediments. The age obtained approximately for EPR is consistent with the period of the Pleistocene
and the period in which fluctuations in the level of the In the state of S&do Paulo, the terrace can be
considered part of the Barrier Il due to its age about 38,000 +1 2,000 and 46,000 + 7,000 years
(BP).

ACKNOWLEDGMENT



Cortez et al. ® Braz. J. Rad. Sci. e 2021 11

This study was financed in part Coordination for higher Education Staff Development (CAPES)
- Finance Code 88882.333434/2019-01. We are thankful to The S&o Paulo Research Foundation
(FAPESP) for financial support - process n°® 2014/03085-0. Many thanks for Elizabeth for the
irradiated samples (CETER-IPEN), and to Eng. Marcilio M. Nagaoka, for the care company of
Piramides Extracdo e Comércio de Areia Ltda for permitting us to collect sediments from Icapara
Sand Terrace.

REFERENCES

[1] FULFARO, V. J.; SUGUIO, K.; PONCANO, W. L. A génese das planicies costeiras
paulistas. In: Congresso Brasileiro de Geologia. 1974. p. 37-42.

[2] MARTIN, L.; SUGUIO, K. The state of Sdo Paulo coastal marine quaternary geology: The
ancient strandlines. Anais da academia Brasileira de Ciéncias, n. 47, p.249-263, 1975.

[3] MARTIN, L.; SUGUIO, K. Etude préliminaire du quaternaire marin: comparaison du
littoral de Sdo-Paulo et de Salvador de Bahia (Breésil). 1976.

[4] VILLWOCK, J. A., TOMAZELLLI, L. J., LOSS, E. L., DEHNHARDT, E. A., & HORN F,
N. O. Geology of the Rio Grande do Sul coastal province. In: International symposium on
sea-level changes and quaternary shorelines. 1986. p. 79-97.

[5] MARTIN, L.; SUGUIO, K.; FLEXOR, Jean-Marie. Hauts niveaux marins Pleistocenes du
littoral bresilien. Palaeogeography, palaeoclimatology, palaeoecology, v. 68, n. 2-4, p.
231-239, 1988.

[6] TOMAZELLI, L. J., VILLWOCK, J. A., BARBOZA, E. G.,, BUCHMANN, F. S. C., &
SANTOS, L. A. O. A eroséo costeira no Rio Grande do Sul: uma avaliacdo de causas e
consequéncias. In: Associagdo Brasileira de Estudos do Quaternario, Congresso. 1999.

[7] Kitagawa, Y., Imoto, H., Saito, M., Kurihara, H., Fujie, K., Toyoda, S., & Naruse, T.
Mineral Composition of Clay Fractions and Oxygen Vacancies in Silt-Sized Quartz in Soils
on the Ka-Etsu Plateau, Fukui, Central Japan-Possibility of Eolian Dust Brought from
Northern Asia as Parent Material of Soils. Soil Science Plant Nutrition, v. 51, n. 7, p. 999-
1010, 2005.



Cortez et al. ® Braz. J. Rad. Sci. e 2021 12

[8] SILSBEE, R. H. Electron spin resonance in neutron-irradiated quartz. Journal of Applied
Physics, v. 32, n. 8, p. 1459-1462, 1961.

[9] TOYODA, S.; HATTORI, W. Formation and decay of the E1 center and of its precursor.
Applied Radiation and Isotopes, v. 52, n. 5, p. 1351-1356, 2000.

[10] TOYODA, Shin et al. Enhancement of oxygen vacancies in quartz by natural external
and ray dose: a possible EPR Geochronometer of Ma-Ga range. Geochemical Journal, v.
26, n. 3, p. 111-115, 1992,

[11] JANI, M. G.; BOSSOLI, R. B.; HALLIBURTON, L. E. Further characterization of the E
1 center in crystalline Si O ,. Physical Review B, v. 27, n. 4, p. 2285, 1983.

[12] RUDRA, J. K.; FOWLER, W. B. Oxygen vacancy and the E 1’center in crystalline SiO
2. Physical Review B, v. 35, n. 15, p. 8223, 1987.

[13] TOYODA, S.; SCHWARCZ, H. Counterfeit el signal in quartz. Radiation measure-
ments, Elsevier, v. 27, n. 1, p. 59-66, 1997.

[14] IKEYA, M; MIKI, T.; TANAKA, K. Dating of a fault by electron spin resonance on
intrafault materials. Science, v. 215, n. 4538, p. 1392-1393,1982.

[15] BEERTEN, K. et al. Dose recovery tests using ti-related EPR signals in quartz: First
results. Quaternary Geochronology, Elsevier, v. 3, n. 1-2, p. 143-149, 2008.

[16] KOHL, C.; NISHIIZUMI, K. Chemical isolation of quartz for measurement of in-situ-
produced cosmogenic nuclides. Geochimica et Cosmochimica Acta, Elsevier, v. 56, n. 9,
p. 3583-3587, 1992.

[17] JUNIOR, A. B. d. C. Preparagio e caracterizacdo de quartzo particulado e discos
quartzo-teflon para dosimetria termoluminescente das radiacdes ionizantes. Universidade
Federal de Pernambuco, 2010.

[18] BUHAY, W. M.; SCHWARCZ, H. P.; GRUN, R. EPR dating of fault gouge: the effect
of grain size. Quaternary Science Reviews, v. 7, n. 3-4, p. 515-522, 1988.

[19] IKEYA, M. New applications of electron spin resonance: dating, dosimetry and
microscopy. World Scientific, 1993.

[20] TOYODA, S.; IKEYA, M. Thermal stabilities of paramagnetic defect and impurity
centers in quartz: Basis for EPR dating of thermal history. Geochemical Journal, v. 25, n.
6, 437-445, 1991.



Cortez et al. ® Braz. J. Rad. Sci. e 2021 13

[21] MCKEEVER, S. Mechanisms of thermoluminescence production: some problems and a
few answers. International Journal of Radiation Applications and Instrumentation.
Part D. Nuclear Tracks and Radiation Measurements, Elsevier, v. 18, n. 1-2, p. 5-12, 1991.

[22] DURCAN, J. A.; KING, G. E.; DULLER, G. AT. DRAC: Dose Rate and Age
Calculator for trapped charge dating. Quaternary Geochronology, v. 28, p. 54-61,
2015.



